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7KHFRUURVLRQLQKLELWLRQFKDUDFWHULVWLFVRI *DUFLQLDLQGLFD H[WUDFW*,(RQWKHFRUURVLRQRI DOXPLQLXPDQG DOXPLQLXP
DOOR\ LQ0SKRVSKRULFDFLGVROXWLRQZHUHVWXGLHGE\XVLQJSRWHQWLRG\QDPLFSRODUL]DWLRQXVLQJ7DIHOH[WUDSRODWLRQWHFKQLTXH
DQG HOHFWURFKHPLFDO LPSHGDQFH VSHFWURVFRS\ (,6 WHFKQLTXHV DW GLIIHUHQW WHPSHUDWXUHV DQG DW GLIIHUHQW FRQFHQWUDWLRQV RI
LQKLELWRU .LQHWLF SDUDPHWHUV DQG WKHUPRG\QDPLF SDUDPHWHUV ZHUH HYDOXDWHG DQG GLVFXVVHG LQ GHWDLO ,QKLELWLRQ HIILFLHQF\
LQFUHDVHGZLWKH[WUDFWFRQFHQWUDWLRQDQGLQFUHDVHGZLWKWHPSHUDWXUH7KHDGVRUSWLRQRI*,(RQPHWDOVXUIDFHREH\HG/DQJPXLU
DGVRUSWLRQLVRWKHUP*,(DFWHGDVPL[HGLQKLELWRULQSKRVSKRULFDFLGVROXWLRQDQGIROORZHGFKHPLVRUSWLRQRQWKHVXUIDFHRI ERWK
PDWHULDO 5HVXOWV REWDLQHG IURP 7DIHO H[WUDSRODWLRQ WHFKQLTXH DQG E\ $& HOHFWURFKHPLFDO LPSHGDQFH VSHFWURVFRS\ (,6
WHFKQLTXHZHUHLQJRRGDJUHHPHQWZLWKRQHDQRWKHU7KLVVWXG\KLJKOLJKWVWKHXWLOLW\RI*,(H[WUDFWDVD SRWHQWLDOJUHHQLQKLELWRU
IRUFRUURVLRQFRQWURORI $ODQG $ODOOR\LQ 0SKRVSKRULFDFLGHQYLURQPHQW




&RUURVLRQ VWXGLHV RI $O DQG $O DOOR\V KDYH UHFHLYHG FRQVLGHUDEOH DWWHQWLRQ E\ UHVHDUFKHUV EHFDXVH RI WKHLU
LQGXVWULDO DSSOLFDWLRQV DQG HFRQRPLF FRQVLGHUDWLRQV 7KH NQRZQ KD]DUGRXV HIIHFWV RI PRVW V\QWKHWLF RUJDQLF
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DQRGLF 7DIHO VORSHV EF DQG ED FRUURVLRQ FXUUHQW GHQVLW\ LFRUU DQG WKH LQKLELWLRQ HIILFLHQF\ YDOXHV Ș  ZHUH
REWDLQHGIURP7DIHOSORWV7KHUHVXOWV RI7DIHOSORWV DUHJLYHQ LQ 7DEOHV7KHPD[LPXPTXDQWLW\RIWKHLQKLELWRU
UHSRUWHGFRUUHVSRQGVWRWKHRSWLPXPFRQFHQWUDWLRQRIWKHLQKLELWRU
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VORSH EF DQG DQRGLF7DIHO VORSH ED GRHVQRW FKDQJH VLJQLILFDQWO\ZLWK WKH LQFUHDVH LQ*,(FRQFHQWUDWLRQ7KLV
LQGLFDWHV WKDW WKH DGGLWLRQ RI *,( GRHV QRW FKDQJH WKH K\GURJHQ HYROXWLRQ UHDFWLRQ PHFKDQLVPDQG LWV QRQ
LQWHUIHUHQFHRILQKLELWRULQWKHPHFKDQLVPRIDQRGLFUHDFWLRQ REVHUYHGE\ $ELRODHW DO )URP7DEOHVLW LV
REYLRXV WKDW WKHUH LV QR DSSUHFLDEOH VKLIW LQ WKH FRUURVLRQSRWHQWLDO YDOXH (FRUU DIWHU WKH DGGLWLRQRI*,(ZKLFK
LQGLFDWHVWKDW*,(LVDPL[HGW\SHLQKLELWRU REVHUYHGE\/L HW DO 
 (OHFWURFKHPLFDOLPSHGDQFHVSHFWURVFRS\(,6VWXGLHV
7KH LPSHGDQFHSORWVUHFRUGHGIRUWKHFRUURVLRQRI $ODQG $ODOOR\LQWKHSUHVHQFHDQGDEVHQFHRILQKLELWRU
ZHUH PRGHOHG E\ XVLQJ WKH HTXLYDOHQW FLUFXLW ZKLFK FRQVLVWV 5V LV WKH VROXWLRQ UHVLVWDQFH DQG 5FW LV WKH FKDUJH
WUDQVIHUUHVLVWDQFH5/ DQG/UHSUHVHQWWKHLQGXFWLYHHOHPHQWV7KLVDOVRFRQVLVWVRIFRQVWDQWSKDVHHOHPHQW&3(4
LQSDUDOOHOWRWKHVHULHVFDSDFLWRUV&& DQGVHULHVUHVLVWRUV555/ DQG5FW5/ LVSDUDOOHOZLWKWKHLQGXFWRU/
7KHSRODUL]DWLRQUHVLVWDQFH5S DQGGRXEOHOD\HUFDSDFLWDQFH&GO FDQEHFDOFXODWHGIURPHTXDWLRQVDQG
5 5 5 5 5S / FW      
GO  & & &  
)LJDDQG )LJ E VKRZV WKH1\TXLVWSORWV IRU WKHFRUURVLRQRI $ODQG$O DOOR\ LQ0 SKRVSKRULFDFLG




)LJ 1\TXLVWSORWVRI $ODQG $ODOOR\ LQ0SKRVSKRULFDFLGDWԨ LQWKHSUHVHQFHRIGLIIHUHQWFRQFHQWUDWLRQVRI*,(
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$VFDQEHVHHQIURP)LJWKH1\TXLVWSORWVDUHVHPLFLUFXODULQWKHSUHVHQFHDVZHOODVLQWKHDEVHQFHRILQKLELWRU
7KLVLQGLFDWHVWKDWWKHFRUURVLRQRI $ODQG $ODOOR\LVFRQWUROOHGE\DFKDUJHWUDQVIHUSURFHVVLQWKHSUHVHQFH
DQG DEVHQFH RI WKH LQKLELWRU 6LPLODU LPSHGDQFH SORWV KDYH EHHQ UHSRUWHG LQ OLWHUDWXUH IRU WKH FRUURVLRQ RI
$OREVHUYHGE\ 7URZVGDOHHW DO$FFRUGLQJWR%UHWW HW DOWKHFDSDFLWLYHORRSLVFRUUHVSRQGLQJ
WR WKH LQWHUIDFLDO UHDFWLRQV SDUWLFXODUO\ WKH UHDFWLRQ RI $O R[LGDWLRQ DW WKHPHWDOR[LGHHOHFWURO\WH LQWHUIDFH 7KH
RWKHUH[SODQDWLRQRIIHUHGWRWKHKLJKIUHTXHQF\FDSDFLWLYHORRSLVWKHR[LGHILOPLWVHOI7KHRULJLQRIWKHLQGXFWLYH
ORRS KDV RIWHQ EHHQ DWWULEXWHG WR VXUIDFH RU EXON UHOD[DWLRQ RI VSHFLHV LQ WKH R[LGH OD\HU REVHUYHG E\:LW HWDO
7KH LQGXFWLYH ORRSPD\ EH UHODWHG WR WKH UHOD[DWLRQ SURFHVV REWDLQHG E\ DGVRUSWLRQ DQG LQFRUSRUDWLRQ RI
SKRVSKDWH LRQV RQ DQG LQWR WKH R[LGH ILOP ,Q RUGHU WR ILW DQG DQDO\]H WKH(,6 GDWD WKH H[SHULPHQWDO LPSHGDQFH
UHVXOWV DUH VLPXODWHG WR SXUH HOHFWURQLF PRGHOV WKDW FDQ YHULI\ RU UROH RXW PHFKDQLVWLF PRGHOV DQG HQDEOH WKH
FDOFXODWLRQ RI QXPHULFDO YDOXHV FRUUHVSRQGLQJ WR WKH SK\VLFDO DQGRU FKHPLFDO SURSHUWLHV RI WKH HOHFWURFKHPLFDO
V\VWHPXQGHULQYHVWLJDWLRQ+RZHYHUWKHLPSHGDQFHSORWVUHFRUGHGIRUWKHFRUURVLRQRIWKH $ODQG $ODOOR\LQ
WKHSUHVHQFHRI*,(ZHUH PRGHOHG E\XVLQJWKHHTXLYDOHQWFLUFXLWGHSLFWHGLQ)LJ7KHFLUFXLWILWPHQWZDVGRQHE\
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NLQHWLF DQG WKHUPRG\QDPLFSDUDPHWHUV IRU WKH LQKLELWLRQ DQG WKH DGVRUSWLRQSURFHVVHV7KH LQFUHDVH LQ LQKLELWLRQ
HIILFLHQF\ZLWKWKHLQFUHDVHLQWHPSHUDWXUHPD\EHDWWULEXWHGWRWKHORZHUGLVVROXWLRQUDWHVRI $ODQG $ODOOR\
DWHOHYDWHGWHPSHUDWXUH7KHLQFUHDVHLQLQKLELWLRQHIILFLHQF\ZLWKWKHLQFUHDVHLQWHPSHUDWXUHLVDOVRVXJJHVWLYHRI





7KH SORWV RI OQȣFRUU 7 YHUVXV 7 IRU WKH FRUURVLRQ RI $O DQG  $O DOOR\ LQ WKH SUHVHQFH RI GLIIHUHQW
FRQFHQWUDWLRQVRI*,(LQ0SKRVSKRULFDFLGDUHVKRZQLQ)LJ DDQG)LJE
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D E
)LJ3ORWVRIOQ FRUUX 7YV7IRUWKHFRUURVLRQRI $ODQG$ODOOR\LQ0SKRVSKRULFDFLGFRQWDLQLQJGLIIHUHQWFRQFHQWUDWLRQVRI*,(
7KH FDOFXODWHG YDOXHV RI DFWLYDWLRQ SDUDPHWHUV DUH UHFRUGHG LQ 7DEOH  7KH GHFUHDVH LQ DSSDUHQW DFWLYDWLRQ
HQHUJ\PD\EHLQWHUSUHWHGDVGXHWRFKHPLFDODGVRUSWLRQ RIWKHLQKLELWRU/DUJHQHJDWLYHYDOXHVRIHQWURSLHVVKRZ
WKDWWKHDFWLYDWHGFRPSOH[LQWKHUDWHGHWHUPLQLQJVWHSLVDQDVVRFLDWLRQUDWKHUWKDQGLVVRFLDWLRQVWHSPHDQLQJWKDWD
GHFUHDVH LQ GLVRUGHULQJ WDNHV SODFH RQ JRLQJ IURP UHDFWDQWV WR WKH DFWLYDWHG FRPSOH[ REVHUYHG E\ 2JX]LH HW DO

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 $GVRUSWLRQEHKDYLRU
7KH LQIRUPDWLRQ RQ WKH LQWHUDFWLRQ EHWZHHQ WKH LQKLELWRUPROHFXOHV DQG WKHPHWDO VXUIDFH FDQ EH SURYLGHG E\
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ZKHUH . LV WKH DGVRUSWLRQGHVRUSWLRQ HTXLOLEULXP FRQVWDQW &LQK LV WKH FRUURVLRQ LQKLELWRU FRQFHQWUDWLRQ LQ WKH
VROXWLRQDQGșLVWKHVXUIDFHFRYHUDJH7KHSORWRI&LQKșYHUVXV&LQK JLYHVDVWUDLJKWOLQHZLWKDQLQWHUFHSWRI.
7KH/DQJPXLUDGVRUSWLRQ LVRWKHUPV IRU WKHDGVRUSWLRQRI*,(RQ WKH $ODQG $O DOOR\ VXUIDFHDUH VKRZQ LQ
)LJDDQG)LJE7KHSORWVDUHOLQHDUZLWKDQDYHUDJHFRUUHODWLRQFRHIILFLHQW5RI7KHOLQHDUUHJUHVVLRQ
FRHIILFLHQWVDUHFORVHWRXQLW\VXJJHVWLQJWKDWWKHDGVRUSWLRQRI*,(REH\V/DQJPXLU¶VDGVRUSWLRQLVRWKHUPDQGWKHUH
LV QHJOLJLEOH LQWHUDFWLRQ EHWZHHQ WKH DGVRUEHG PROHFXOHV REVHUYHG E\ 7URZVGDOH HW DO  )LJ D DQG )LJ
EUHSUHVHQWV WKH SORW RI IUHH HQHUJ\ YHUVXV WHPSHUDWXUH IRU $O DQG  $O DOOR\ LQ SKRVSKRULF DFLG
7KHUPRG\QDPLF SDUDPHWHUV IRU WKH DGVRUSWLRQ RI *,( RQ $O DQG  $O DOOR\ LQ SKRVSKRULF DFLG DW GLIIHUHQW
WHPSHUDWXUHVDUHOLVWHGLQ7DEOH










































































)LJ/DQJPXLUDGVRUSWLRQLVRWKHUPVIRUWKHDGVRUSWLRQRI*,(RQ $ODQG$ODOOR\LQ 0SKRVSKRULFDFLGDW GLIIHUHQWWHPSHUDWXUHV
7KHYDOXHVRIVWDQGDUGIUHHHQHUJ\ǻ*DGVRIDGVRUSWLRQDUHUHODWHGWR.E\WKHUHODWLRQVKRZQLQHTXDWLRQ










DGV DGV DGV 7* + 6' q  ' q  ' q 
7KHQHJDWLYHYDOXHVRIǻ*DGV LQGLFDWHWKHVSRQWDQHLW\RIWKHDGVRUSWLRQSURFHVVDQGWKHVWDELOLW\RIWKHDGVRUEHG




PHWDO VXUIDFH WR IRUP D FRRUGLQDWH W\SH RI ERQG FKHPLVRUSWLRQ REVHUYHG E\ 6KLYDNXPDU HW DO  ,Q WKH
SUHVHQWVWXG\WKHYDOXHVRIǻ*DGV DUHDERYH
N-PRO (YHQWKRXJK LW LVVXJJHVWLYHRISK\VLFDODGVRUSWLRQZH
QHHGWRFRQVLGHUWKHYDOXHRI ¨+DGV IRUWKHHQGRWKHUPLFUHDFWLRQDVLQFDVHRIWKHSUHVHQWLQYHVWLJDWLRQǻ*DGV DQG
LQKLELWLRQHIILFLHQF\LQFUHDVHZLWKWKHLQFUHDVHLQWHPSHUDWXUHLQGLFDWHVWKDWWKHDGVRUSWLRQRI*,(RQWKH$OVXUIDFH
LQSKRVSKRULFDFLGDUH IDYRUHG DWKLJKWHPSHUDWXUHDQGKHQFHFDQEHFRQVLGHUHGWREH SUHGRPLQDQWO\FKHPLVRUSWLRQ
7KHSRVLWLYHYDOXHRIHQWKDOS\RIDGVRUSWLRQLQGLFDWHVWKDWWKHDGVRUSWLRQRIWKHLQKLELWRUPROHFXOHLVDQHQGRWKHUPLF
SURFHVV ZKLFK VXJJHVWV FKHPLVRUSWLRQ 7KH ǻ6DGV YDOXH LV ODUJH DQG QHJDWLYH LQGLFDWLQJ WKDW GHFUHDVH LQ
GLVRUGHULQJ WDNHVSODFHRQJRLQJ IURP WKH UHDFWDQW WR WKHDGVRUEHGVSHFLHV7KLVFDQEHDWWULEXWHG WR WKH IDFW WKDW
DGVRUSWLRQLVDOZD\VDFFRPSDQLHGE\GHFUHDVHLQ HQWURS\REVHUYHGE\6KLYDNXPDUHWDO
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D E
)LJ3ORWVRIǻ*DGVYV7IRU $ODQG $ODOOR\ LQ0SKRVSKRULFDFLGLQSUHVHQFHRI*,(
 ([SODQDWLRQIRULQKLELWLRQ
$ODQG$ODOOR\LQ DFLGLFVROXWLRQV XQGHUJR FRUURVLRQ E\WKH GLVVROXWLRQRIWKH $O LRQVIURPWKHR[LGHIUHHPHWDO
VXUIDFH LQWR WKH VROXWLRQDQG WKHSULQFLSDOFDWKRGLFSURFHVV LV WKHGLVFKDUJHRIK\GURJHQ LRQV WRSURGXFHK\GURJHQ
JDV 7KH $O DOOR\FRQVLVWVRI6LDQG0JDVPDMRUDOOR\LQJHOHPHQWVZLWKYHU\VPDOODPRXQWRI)H$FFRUGLQJ
WR.DRUX0L]XQR HWDO WKHDOOR\FDQWKHUHE\EHFRQVLGHUHGDVDIRXUSKDVHPDWHULDOWKH$OPDWUL[0J6L
$O)H6LDQG6L7KHHOHFWURFKHPLFDOSURSHUWLHVRIWKHIRXUSKDVHVGLIIHUPDUNHGO\7KHHTXLOLEULXPSRWHQWLDOVIRUWKH
$OPDWUL[0J6L$O)H6LDQG6LSDUWLFOHVDUH  DQG P96+(UHVSHFWLYHO\7KXVWKH$O)H6L
DQG6LSDUWLFOHVDUHH[SHFWHGWREHFDWKRGLFZKHQFRPSDUHGWRWKH$OPDWUL[ 7KHVXUIDFHUHDFWLRQSURGXFWVIRUPHG
RQ WKH IRXU SKDVHV GXULQJ R[LGDWLRQ ZHUH FKDUDFWHUL]HG E\ 1\OXQG HW DO  7KHVH SKDVHV FRQWULEXWH WR WKH
HQKDQFHG FRUURVLRQ UDWH DV ZHOO DV FRUURVLRQ LQKLELWLRQ RI  DOXPLQLXP DOOR\ LQ FRPSDULVRQZLWK DOXPLQLXP
 7KH LQKLELWRU PROHFXOHV RI *,( KDYH WKH HOHFWURQ ULFK HQYLURQPHQW LQ SKHQ\O JURXS )LJ GXH WR ʌ
HOHFWURQVRIGRXEOHERQGVWKDWFDQEHDGVRUEHGZHOORQWKHVDPSOHVXUIDFH $OVRWKHVHJURXSVDUHHOHFWURQGRQDWLQJ
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RQ WKH PHWDO VXUIDFH PDNLQJ WKH PHWDO VXUIDFH QHJDWLYHO\ FKDUJHG 7KH QHJDWLYH FKDUJH FHQWHUV RI WKH *,(
PROHFXOHV FRQWDLQLQJ D ORQH SDLU RI HOHFWURQV DQGRU ʌ HOHFWURQV FDQ LQWHUDFW ZLWK WKH DQRGLF VLWHV RQ WKH PHWDO
VXUIDFHDQGJHWDGVRUEHG&KHPLVRUSWLRQ LVDOVRSRVVLEOHE\WKHGRQRU  DFFHSWRULQWHUDFWLRQVEHWZHHQʌHOHFWURQVRI
WKHDURPDWLFULQJDQGPHWDOVXUIDFHSURYLGLQJ DQRWKHUPRGHRISURWHFWLRQ7KHSUHVHQFHRI*,(LQWKHSURWRQDWHG
IRUPDQGWKHSUHVHQFHRIQHJDWLYHFKDUJH FHQWHUV RQWKHPROHFXOH DUHDOVRUHVSRQVLEOHIRUWKHPXWXDOLQWHUDFWLRQRI
LQKLELWRU PROHFXOHV RQ WKH PHWDO VXUIDFH 7KLV LV UHIOHFWHG LQ WKH GHYLDWLRQ RI VORSHV RI /DQJPXLU DGVRUSWLRQ
LVRWKHUPV
 &RQFOXVLRQV
x *,(DFWVDVDJRRGHFRIULHQGO\JUHHQLQKLELWRUIRUWKHFRUURVLRQFRQWURORI $ODQG $ODOOR\LQSKRVSKRULF
DFLGPHGLXP







0UV 'HHSD 3UDEKX DFNQRZOHGJHV0DQLSDO 8QLYHUVLW\ IRU WKH )HOORZVKLS DQG &KHPLVWU\ 'HSDUWPHQW0,7
0DQLSDOIRUODERUDWRU\IDFLOLWLHV
5HIHUHQFHV
$EGHO*DEHU$0HWDO,QKLELWLYHDFWLRQRIVRPHSODQWH[WUDFWVRQWKHFRUURVLRQRIVWHHOLQDFLGLFPHGLD &RUUR6FL S 
$ELROD 2. 2WDLJEH -2(   (IIHFW RI FRPPRQZDWHU FRQWDPLQDQWV RQ WKH FRUURVLRQ RI DOXPLQLXP DOOR\V LQ HWK\OHQH JO\FRO±ZDWHU
VROXWLRQ&RUUR6FL S
%UHWW &0$ 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